The research on making detection system of Cu contaminated water based on red diode laser and photodiode sensor has been done. The purpose of this research was to know the characteristic of photodiode sensor, to make and to test the detection system of Cu contaminated water based on red diode laser and photodiode sensor. This research was conducted in five phases: characterization of photodiode sensor, making data acquisition system, processing and analyzing of training sample data, making of the detection system, and implementation of detection system on test samples. The results of research showed that photodiode sensor used in this research has transfer function of V = 0,0156 * I + 1,1897 with relation of input-output was very strong (r = 0,989); sensitivity was 0,0156 volts / lux; repeatability was 98,31 %; and saturation for the light intensity >200 lux. Meanwhile, the success rate of detection system implementation on Cu contaminated water was 97,5 %.
Introduction
Water is one of the important elements in human life. About three-quarters of the human body consist of water. In addition, groundwater around us has also contributed to human life, such as for drinking, cooking, bathing, and others. Therefore, as a part of our gratitude to God S.W.T., then the water in our environment should be kept well.
Along with the advancement of human life, the need for clean water is also increasing. However, we often encounter water in our environment is no longer in clean condition, but already contaminated with pollutants. If the presence of water pollutants are not considered, in the future, we can experience a clean water crisis.
One of the most common water pollutants is heavy metals. Currently, the presence of heavy metals in water is easy to find. This is a negative effect of the development of the metal industry where the industry does not have a metal waste storage/processing unit so that its metal waste is discharged directly into the environment.
Efforts to maintain clean water should always be done throughout the ages. One effort that can be done is the monitoring of clean water from heavy metals. One type of heavy metal is Cu metal. This research will focus on the detection of water contaminated with copper (Cu) metals.
The most commonly used tool for detecting the presence of Cu in water is Atomic Absorption Spectroscopy (AAS). This detection tool has advantages in terms of ease of operation, the speed of data readings, and its sensitivity to changes in the concentration of detected samples. 1 However, not all laboratories have it because of its relatively expensive equipment and the high cost of care. 2 To cover the weaknesses of AAS, several types of research on the development of Cu detection methods have been done. In addition to AAS, the presence of Cu can be detected using electromagnetic induction 3 and fluorescence. 4 This study aims to increase the treasure of Cu contaminated water detection equipment. In this research, a Cu-contaminated water detection device was made by using red diode laser and photodiode sensor. The use of red laser diodes and photodiode sensors is based on low power consumption and ease of procurement.
Methods
The research on detection device design of Cu contaminated water using red diode laser and photodiode sensor was conducted in five phases: characterization of photodiode sensor, manufacturing of data acquisition system, data sampling and processing of training samples, manufacturing of detection system, and implementation of detection device on test samples. The five phases are described as follows.
Characterization of photodiode sensor was conducted to determine the transfer function character and correlation factor of photodiode sensor, sensitivity, repeatability, and its saturation. Sensor characterization was done by varying the input intensity of red diode laser and measuring the output voltage of photodiode sensor. The input data intensity of red diode laser and the output voltage of photodiode sensor were further processed in such a way as to obtain transfer function of photodiode sensor and its correlation factor, sensitivity, repeatability, and its saturation.
Manufacturing of data acquisition system was done through two phases: manufacturing hardware and software. The hardware was manufactured based on block diagram as shown in Figure 1 . Data collection from the training sample was aimed to find out the output limit of the data acquisition system for normal water (water with contaminant Cu ≤ 2 ppm) and abnormal water (water with contaminant Cu> 2 ppm). 5 Each variation of Cu concentration performed a repetition of data taking 10 times, then calculated the average and its uncertainty. From the results of data processing, it was obtained "boundary value" to be included in the manufacturing of detection system.
Manufacturing of a detection system was done by replacing software of data acquisition system software with the software of detection system. The replacement was done by inserting "boundary value" between the water that can be contaminated Cu and not allowed that was 4.11 volt.
Implementation of detection system was aimed to test whether detection system that has been made is able to recognize the test sample correctly or not. When the detection device is tested in Cu contaminated water with a concentration of ≤2 ppm, the system should display "NORMAL" script on the LCD screen. Conversely, if the detection system is tested on Cu contaminated water with a concentration of > 2 ppm, the system should display "ABNORMAL" script on the LCD screen.
Result and Discussion

Characterization of Photodiode Sensor
The result of sensor characterization obtained that the photodiode sensor has transfer function V = 0.0156 * I + 1.1897 with correlation factor r = 0.989, sensitivity was 0,0156 volt / lux, repeatability was 98,31%, and saturation > 200 lux. Figure 2 illustrated characteristics of the sensor used in this research.
The transfer function showed that greater intensity of the red diode laser light that detected by photodiode sensor, the output voltage of photodiode sensor was also greater with linear similarity. Meanwhile, the correlation factor value of 0.989 gives information that the level of relationship between the variable intensity of light and voltage is very strong. 6 Transfer function and its correlation factor were applicable for the light intensity of 25-200 lux. Researchers could not manufacture light with intensity < 25 lux. The transfer function and its correlation factor also did not apply to light with intensity > 200 lux, because at light intensity > 200 lux sensor has sustained saturation.
Figure 2.
Characteristics of photodiode sensor used in this research.
The sensitivity value of photodiode sensor of 0.0156 volts/lux provided information that increasing of red diode laser light intensity of 1 lux will produce an output voltage of 0.0156 volts. Thus, the photodiode sensor used in this research had small sensitivity because the sensor provided small output to the input. 7 The repeatability value of photodiode sensor 98.31% indicated that in repeated measurements the photodiode sensor was able to produce the same value for each measurement, with similarity rate 98.31%. The repeatability value of photodiode sensor had fulfilled the minimum requirement that required by the Indonesian National Standard (SNI) 95.00% and International Standard (SI) 97.00%. 8 
Detection System
The detection system that has been made was shown in Figure 3 .
The work step of the detection system in Figure 3 started by connecting the adaptor power to a 9 volt DC voltage source. Further, a sample of Cu contaminated water was fed into 15 ml bottles, then placed in the sample container. Next, the switch is pressed on, so the LCD and red diode laser will illuminate as an indicator that the tool is ready to be used. The red laser beam on the sample, partially absorbed and part of it will be continued. The laser beam that passed sample will be detected by photodiode sensor, converted to a voltage. The output voltage generated by photodiode sensor will be an input for Arduino Uno R3 microcontroller. The microcontroller will process voltage value of the sensor and compare it with the reference voltage. The results displayed on LCD 16x2. 
Implementation of Detection System
The implementation result of detection system on the training samples are presented in Table 1 . Table 1 shows that the relationship between the concentration level of Cu metal in water and the photodiode sensor voltage is inversely proportional. The higher the Cu metal concentration in water, the lower the output voltage of the photodiode sensor. The magnitude of the output voltage of the photodiode sensor is influenced by the number of electron-hole pairs generated by the amount of light intensity captured by the photodiode sensor. 6 The higher the concentration of Cu metal in water, then the light absorbed by the water will be more and more, so the light is passed less and less. Because the light is passed less and less, the electron-hole pair is formed also less, so the output voltage of the photodiode sensor is getting smaller.
The results of detection system implementation on test sample have a success of 97.50%. The successful of detection system has met the minimum standard required by SNI and SI. Thus, the contaminated water detection system of Cu metal that has been made using a red laser and photodiode sensor is able to recognize the test water samples contaminated with Cu metal well. Thus, this detection system can be an alternative in monitoring water contaminated with Cu metals. The advantages of the system that has been made are cheap in the making, portable, and easy in operation.
Conclusion
A set of Cu contaminated water detection system using a red laser diode and photodiode sensor has been successfully manufactured. The photodiode sensor used in this system has characteristics: 1) transfer function of V = 0.0156 * I + 1.1897 with very strong inputoutput relationship, 2) sensitivity of 0.0156 volts / lux, 3) repeatability of 98, 31%, and 4) saturation at light intensity input value > 200 lux. Implementation of detection system at Cu contaminated water had a success of 97.50%.
For future development it is advisable to do the followings: 1) This detection system can be developed by replacing with other light sensors such as phototransistor sensor, 2) The light intensity parameter can be replaced with other parameters such as conductivity, 3) Indicator to display the output not only on LCD but via voice using buzzer and LED indicator, 4) Apply this detection system to other objects.
